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Abstract 
Solid oxide electrolyte membranes of sputter deposited yttria-stablized zirconia (YSZ) were integrated in silicon technology for 
applications in micro power generators fuelled by hydrogen or H2+CO. An electrochemically deposited nickel grid was used as 
mechanical support for the 200-300 nm thick membrane. Cells with 0.5 to 5 mm diameter were fabricated showing mechanical 
stability up to 650 °C. The ionic conduction becomes sufficient to produce open circuit voltage (OCV) above 380 °C. An OCV of 
850 mV was achieved at 550 °C in an H2/Ar fuel mixture using porous Pt electrodes.  
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1. Introduction 
Micro Solid Oxide Fuel Cell (µSOFC) development is a complex venture starting with the establishment of stable 
and performing electrolyte membranes1. In the present work, the electrolyte membranes are supported by electro-
chemically deposited nickel grids, as previously described,2 in order to obtain large cells with a high fraction of 
active area. Most of the published works concentrate on yttria stabilized zirconia (8 %mol. Y2O3, i.e, 8YSZ), which 
indeed shows a good ionic conduction at high temperatures3,4 and therefore is the standard electrolyte material for 
conventional solid oxide fuel cells5, 6. In conventional SOFCs operating at around 1000°C, the electrolyte is about 
100 µm thick 7 and exhibits a homogenous morphology of randomly oriented, large grains.8 Micro-SOFCs should 
work at lowest possible temperatures and thus require much thinner electrolyte membranes.9 For operation at 500°C, 
the µSOFCs electrolyte should be thinner than 1 µm.10,11 There are several challenges involved in the fabrication of 
such an electrolyte film: 
• The film must exhibit a crystalline microstructure, whereby the bulk of the grains is intrinsically ion conductive 
with the correct activation energy. 
• The microstructure must be compatible with a dense membrane providing mechanical stability and ion 
conduction through the bulk of the grains, while avoiding electron conduction through grain boundaries. 
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  The mechanical stress of the membrane must be small enough in order to avoid cracking during temperature 
cycling.12 
Polycrystalline thin films are more versatile for microfabrication than epitaxial films. However, one has to deal 
with the grain boundaries. A polycrystalline thin film usually nucleates on the substrate, a mechanism that finally 
results in a columnar grain structure with grain boundaries crossing the whole film. In this case, open grain 
boundaries could give access to the fuel (mainly H2) to reduce grain boundaries, possibly creating excess oxygen 
vacancies compensated by conduction electrons. This would short-circuit the electromotoric force of the cell.  
In this work we studied process-microstructure relations of 8YSZ thin films seeking to avoid columnar grain 
growth, in combination with property assessment to evaluate ionic conduction and OCV in a µSOFC. The employed 
thin film deposition technique was reactive RF sputtering from an alloyed metal target, a technique allowing for a 
later scale up to industrial fabrication. The idea was that after an "ordinary" deposition yielding a dense columnar 
film, normally (111) textured, the continuous grain growth is interrupted by a change in grain orientation. Ion 
bombardment during growth is known to have an impact on orientation in case of fcc metals. Recently, Ruddel and 
al. have shown that increased ion bombardment as caused by a large RF-bias applied to the substrate may induce 
(100)-orientation in zirconia films.13  
 
           
(a)                                                                                         (b)  
Fig. 1. Microstructural investigations after operation at 550 °C in hydrogen: (a) SEM image of the Pt anode on top of the YSZ electrolyte; (b) 
TEM cross sectional view of the electrolyte membrane including the transformed Pt layer serving as anode. 
2. Cell fabrication 
YSZ films were deposited in a NORDIKO 2000 system by reactive magnetron sputtering from a metallic alloy 
target with a Zr/Y ratio of 84/16 mole %. In most of the cases, the dense and columnar film with a (111)-orientation 
were obtained. Only at room temperature and under a substrate bias of 100W, the films became porous, 
nanocrystalline and (200)-oriented. These results were independent of the nature of the substrates: silicon (100), 
amorphous SiO2 on Si or platinum on SiO2/Si. Optimal conditions for (111)-textured YSZ films with a low stress 
were the following ones: target RF power: 2.54 W/cm2; sputter gas pressure: 5 mT; gas flow ratio O2: Ar = 1, and no 
RF bias. The substrate holder temperature was stabilized at 450 °C (calibrated temperature). The deposition rate 
amounted to 2.2 nm/minute. For obtaining the nanocrystalline (200)-textured film, the temperature had to be 
decreased, and an RF bias power had to be set, for which we typically applied 1.25 W/cm2. The effect of different 
deposition conditions on the morphology was observed by TEM (see fig. 1b) and X-ray diffraction. The relative 
mass density of the (200)-textured layer was estimated using EDAX analysis by comparing the total intensity of the 
X-rays characteristic spectra taken in identical conditions on each layer, yielding a porosity of around 25%. This is 
consistent with a porosity of around 30 % derived from the deposition rate. The mechanical stress was evaluated 
based on optical wafer curvature measurement (Tencor Flexus apparatus). A post-anneal was required to remove a 
compressive stress before starting the next process steps. The obtained double layer was integrated into a 
micromachined cell of 0.5 mm diameter, following the processes described in ref. 2. A porous and thin Pt film was 
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 sputter deposited serving as anode. During operation, the porous Pt film made a transformation to a meandering 
structure due to dewetting (fig. 1a). The YSZ double layer, however, remained unchanged, still showing the 
columnar growth of the first (111)-oriented layer, and the nano-structured growth of the (100)-oriented layer (fig. 
1b). A top view of the cell including the nickel grid is given in fig. 2. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Top view of the membrane cell structure with nickel grid on top (anode side). 
3. Conductivity and OCV measurements 
Measurements of the electrical capacity C=C'-iC" and dielectric losses tanδ of the multilayered YSZ films as a 
function of temperature have been carried out. The film conductance can be derived from capacity and tanδ as: 
 Y = g + i!C ' , where  g = !C ' tan"      (1) 
The ion conduction is thermally activated having, thus proportional to a Gibbs factor with activation energy Ea:  
g = g0 exp(!Ea / kT )   (2) 
The activation energy for ionic conduction has been derived as 1.04 eV, which is close to YSZ ceramics values. 
The value of conductivity at 500° amounts 0.02 S/m. With the assumption that the area-specific resistance (ASR) of 
the electrolyte is simply the ratio of its thickness h divided by its conductivity (when the electrode grains are smaller 
than h), 14 the critical thickness amounts to 300 nm to have an ASR smaller than the critical value of 0.15Wcm2 
proposed as upper limit in ref. 10.  
For operational tests, the µ -SOFC cells were sandwiched between two glass bodies carrying air and fuel gas, 
respectively. The whole set-up was in a temperature controlled oven. Thermocouples in the gas stream of the anode, 
and on the device allowed in addition to assess gas and device temperature. A first test performed with "pure" Ar on 
the anode side yielded an OCV above 380 °C (fig. 3a). This means that the membrane could be used as a sensor 
above 400 °C. It is also a good indication that electronic leakage that may short circuit the OCV is very small. When 
adding hydrogen to the Ar gas, a temperature increase due to dissipated heat is observed. A plot of the OCV as a 
function of time at 485 °C is shown in fig. 3b. In this experiment an OCV of about 600 mV was achieved. Further 
experiments at 500 to 550 °C yielded OCV's of up to 850 mV. The output current was no satisfying, however, 
mainly due to a bad contact to the cathode. The contact lines from the anode side (front side) to the cathode side 
underneath the YSZ layer suffered too much at high temperature due to the instability of the Pt film. Our design is in 
fact the first one, putting both contacts on the same side.  
4. Conclusions 
8YSZ thin films have been deposited in stack of layers with different morphologies to prevent grain boundary 
and pinhole continuity trough the film. The different morphologies have been obtained by changing the temperature 
and the substrate bias during sputtering. The observed OCV's were satisfying, however, the current was not. The 
electrodes had too large resistances to the contact pads of the device. In future works, we will seek to improve the 
anode by adding nano crystalline (CeGd)O2, which should be a mixed ionic/electronic conductor in the reducing 
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 atmosphere of the anode, and provide electronic conduction everywhere on the anode. In addition, the contact line to 
the cathode needs to be reinforced. 
 
 
            (a)                                                                                                     (b)  
Fig. 3. Open circuit voltages produced by a 0.5 mm cell: (a) OCV observation in pure Ar at the anode. (b) OVC observation at various conditions. 
At periods B and C loads were connected leading to a drop of OCV.  
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